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Abstract. Extensive clinical evidence supports that cytotoxic
T lymphocyte antigen-4 (CTLA-4) is expressed in a variety
of human malignant tumour cells in addition to T cells. In
certain types of cancer, the overexpression of CTLA-4 is
associated with poor patient prognosis. However, few studies
have demonstrated the effects of tumour-intrinsic CTLA-4
in cancer stem cells, including melanoma stem cells (MSCs).
In the present study, it was demonstrated that melanoma
cell-intrinsic CTLA-4 induced tumour cell proliferation
in vitro and suppressed tumour cell apoptosis. Furthermore,
CTLA-4 was expressed in aldehyde dehydrogenase (ALDH)*
MSCs. CTLA-4 inhibited MSCs proliferation in vitro
by blocking antibodies and significantly downregulated
ALDHI1A1, ALDHIA3 and ALDH2 mRNA expression
(P<0.01). Functionally, blocking CTLA-4 in melanoma cell
lines suppressed the properties of stem-like cells, including
ALDH activity and significantly suppressed the ability of
these cells to form spheres in vitro (P<0.05). In addition,
the blocking of CTLA-4 in melanoma cells suppressed the
properties of stem-like cells in vivo, including the capacity
for tumourigenesis. The presence of residual ALDH* MSCs
within the tumour was observed, and the blocking CTLA-4
significantly decreased the number of residual ALDH*
MSC:s in vivo (P<0.01). Altogether, these results indicate the
identification of a novel mechanism underlying melanoma
progression in the present study and that CTLA-4-targeted
therapy may benefit candidate CTLA-4-targeted therapy by
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improving the long-term outcome for patients with advanced
stages of melanoma.

Introduction

Melanoma, one of the most aggressive cancer types, accounts
for <5% of all skin cancer types but is responsible for the
majority of incidences of skin cancer-associated mortality
globally (1). It has been hypothesized that melanoma stem
cells (MSCs) possess the capacity for self-renewal, differ-
entiation, chemoresistance and immune evasion (2,3). Thus,
understanding the mechanism underlying melanoma progres-
sion may contribute to the targeted killing of MSCs, which
may improve the efficacy of anticancer therapies and decrease
the risk of relapse and progression.

Cytotoxic T lymphocyte antigen-4 (CTLA-4) is a
co-stimulatory molecule that is expressed on activated T cells
and competes with T-cell-specific surface glycoprotein CD28
for binding to B7 and inhibits T-cell proliferation, activation
and immune response (4,5). CTLA-4 is also expressed on
regulatory T cells with immunosuppressive properties (6,7).
Studies have demonstrated that the human CTLA-4 blocking
antibody, ipilimumab, which was approved by the United
States Food and Drug Administration for the monotherapy of
advanced melanoma in March 2011, has a response rate of 11%
and prolongs overall survival in 22% of patients (8,9). As a
subset of patients treated with CTLA-4 blockade, ipilimumab,
exhibited an objective clinical response, it may be advanta-
geous to investigate the molecular mechanisms underlying
CTLA-4 anti-tumour activity and identify patients who are
most likely to respond.

CTLA-4 has also been implicated to serve functions
in neoplastic cells, including B cell chronic lymphocytic
leukaemia (10), non-Hodgkin's lymphoma (11), breast
cancer (12),lung cancer (13), melanoma (14), gastric cancer (15),
colorectal cancer (15), cervical cancer (16) and oesophageal
carcinoma (17). Prior studies indicated that CTLA-4 expres-
sion in tumour cells is associated with poor prognosis (12,17).
CTLA-4 engagement with B7 ligands induces tumour
cell death through apoptosis (18), and ipilimumab triggers
effector lymphocytes and tumour necrosis factor release to
directly eliminate CTLA-4* melanomas (14). These studies
have indicated the potential function of CTLA-4 in tumour
cells. Furthermore, CTLA-4 was overexpressed in allogeneic
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mesenchymal stem cells, which resulted in the suppression of
the immune response and the promotion of osteogenic differ-
entiation (19). It has been indicated that CTLA-4 is involved
in regulating the biological characteristics of stem cells (19).
Extensive clinical evidence supports the use of CTLA-4
blockade against advanced melanoma (8.,9). Nevertheless,
the involvement of the CTLA-4 molecule in regulating the
tumourigenic capacity of MSCs is not well understood.

In the present study, the expression of CTLA-4 in MSCs
in melanoma cell lines were examined and the function of
CTLA-4 in maintaining the characteristics of MSCs were
investigated. The results demonstrated that the CTLA-4 mole-
cule participated in the tumourspheres proliferation in vitro
and apoptosis of melanoma cells. Furthermore, CTLA-4
was expressed in MSCs and was involved in enhancing the
aldehyde dehydrogenase (ALDH) activity and tumourigenic
capacity of MSCs.

Materials and methods

Cell culture. The mouse melanoma B16-FO and B16-F1
cell lines (American Type Culture Collection, Manassas,
VA, USA) were maintained in RPMI-1640 (Gibco; Thermo
Fisher Scientific, Inc., Waltham, MA, USA) containing
10% foetal bovine serum (ScienCell Research Laboratories,
Inc., San Diego, USA), 100 U/ml penicillin (Gibco; Thermo
Fisher Scientific, Inc.) and 100 pg/ml streptomycin (Gibco;
Thermo Fisher Scientific, Inc.). Cells were cultured at 37°C,
95% humidity and 5% CO,.

Flow cytometry. To determine the expression of CTLA-4 in
melanoma cells, B16-FO and B16-F1 cells were surface stained
for CTLA-4. A total of 1x10° cells/ml B16-F0 or B16-F1 cells
were suspended in PBS at room temperature. To one tube of
cells, 5 ul anti-CTLA-4 antibody (cat. no. 553720; dilution
1:200PE; BD Pharmingen; BD Biosciences) was added, and
to one tube of cells 5 ul immunoglobulin G isotype-matched
control (BD Pharmingen; BD Biosciences) was added as
a negative control at room temperature. The tubes were
incubated for 30 min at 4°C. Following incubation, centrifu-
gation was performed at 4°C for 10 min at 12,000 x g and
the pellets were re-suspended with 500 ul of Assay Buffer
prior to data acquisition. Samples were analysed using a
FACSCalibur flow cytometer (BD Biosciences, Franklin
Lakes, NJ, USA). To investigate the expression of CTLA-4
in MSCs, the ALDEFLUOR kit (Stemcell Technologies, Inc.,
Vancouver, BC, Canada) was used. The ALDEFLUOR™
reagent used the enzyme bodipy-aminoacetaldehyde (BAAA)
as fluorescent substrate for ALDH, which freely diffused into
intact and viable cells. BAAA was converted into a polar
fluorescent product (BODIPY™ -aminoacate) by ALDH and
was retained inside the cells. Dead cells were excluded based
on light scatter characteristics. A total of 1x10%ml cells were
resuspended in an Assay Buffer (Stemcell Technologies, Inc.,
Vancouver, BC, Canada) at room temperature. A tube of cells
was immediately quenched with 5 pul specific inhibitor of the
enzyme ALDH, with diethylaminobenzaldehyde (DEAB) as
the negative control at room temperature. To all tubes, 5 ul
ALDEFLUOR™ reagent was added and incubated for 45 min
at 37°C. In a number of experiments, cells were labelled with
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CTLA-4 subsequent to being incubated with ALDEFLUOR.
Data analysis was conducted using Cell Quest Pro (version 5.1;
BD Biosciences).

Apoptosis detection. Viable and dead cells of B16-F0 and B16-F1
with or without anti-CTLA-4 antibody were assessed using
double staining with fluorescein isothiocyanate (FITC)-annexin
V and propidium iodide (BD Pharmingen; BD Biosciences)
for 30 min at room temperature, following the manufacturer's
protocol. Analysis was performed using flow cytometry, and
the apoptotic percentages of annexin V*/propidium iodide™ and
annexin V*/propidium iodide* cells were calculated.

Tumoursphere culture. In tumoursphere culture, 1x10° cells of
B16-FO0 or B16-F1 were plated as single cells in ultralow attach-
ment six-well plates (Corning, Lowell, MA, USA) without
anti-CTLA-4 following the protocol of Duarte et al (20).
Cells were briefly cultured for 24 h at 37°C in RPMI 1640
containing 6 mg/ml glucose (Sigma-Aldrich; Merck KGaA,
Darmstadt, Germany), 1 mg/ml NaHCO; (Sigma-Aldrich;
Merck KGaA), 5 mM 4-(2-hydroxyethyl)-1-pipera-
zineethanesulfonic acid (Sigma-Aldrich; Merck KGaA),
4 pg/ml heparin (Sigma-Aldrich; Merck KGaA), 4 mg/ml
bovine serum albumin (Sigma-Aldrich; Merck KGaA), 20
pg/ml insulin (Sigma-Aldrich; Merck KGaA), and N2 supple-
ment (Invitrogen; Thermo Fisher Scientific, Inc.) in addition
to 10 ng/ml basic fibroblast growth factor (PeproTech, Inc.,
Rocky Hill, NJ, USA) and 20 ng/ml epidermal growth factor
(PeproTech, Inc.). The second day following seeding, cells were
treated with 10 yg anti-CTLA-4 antibody (cat. no. 16-1521;
1:100; eBioscience; Thermo Fisher Scientific, Inc.) for 14 days
at 37°C. Tumourspheres were observed under a optical micro-
scope (magnification, x40) 14 days later. Individual spheres
>100 um from each replicate well were counted under an
inverted microscope.

Reverse transcription-quantitative polymerase chain reac-
tion (RT-gPCR). B16-FO and B16-F1 cells were cultured with
or without anti-CTLA-4 antibody in RPMI-1640 for 48 h at
37°C. RNAiso Plus (1 ml; Takara Bio, Inc., Otsu, Japan) was
added to all the cultured B16-FO and B16-F1 cells for total
RNA extraction according to the manufacturer's protocol.
cDNA was synthesized using the PrimeScriptRT Master Mix
(Takara Bio, Inc.) following the manufacturer's protocol. The
temperature protocol of reverse transcription was as follows:
37°C for 15 min, 85°C for 5 sec and 4°C for 10 min. A total
of 20 ng of resulting cDNA were subjected to RT-qPCR, in
a 10 pl final reaction volume and analysed in triplicates. The
cycling conditions were as follows: 95°C for 30 sec, 95°C for
5 sec 40 times and 60°C for 34 sec 40 times. Gene expression
was detected using the ABI 7900 sequence detection system
(Thermo Fisher Scientific, Inc.). The gene expression level of
each target gene was normalized using the endogenous gene
GAPDH and quantified using the real-time quantitative PCR
and 222 method (21). Relative value of sample=2-(ACainternal
parameter-ACqsample) PCR primers were as follows: ALDHI1AI
forward, 5'-GGCACTCAATGGTGGGAAAGTC-3' and
reverse, 5'-ATGCCAGGTGAAGAGCCGTG-3"; ALDHI1A3
forward, CCACGGTCTTCTCAGATGTTACG-3' and reverse,
5'-GCTGTGAGTCCATAGTCGGTGC-3'; ALDH2 forward,
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Figure 1. Melanoma cell-intrinsic CTLA-4 regulated cell apoptosis. Following the addition of 2,500 ng/ml anti-CLTA-4, the apoptosis rates of (A) B16-FO cells

and (B) B16-F1 cells were detected using flow cytometry. The results were expres
CTLA-4, cytotoxic T lymphocyte antigen-4.

5'"TTAACAATGAGTGGCACGACG-3' and reverse, 5'-CGC
CAATCGGTACAACAGC-3'; and GAPDH forward, 5'-AGG
AGCGAGACCCCACTAACA-3" and reverse, 5'-AGGGGG
GCTAAGCAGTTGGT-3'. Baseline and threshold for the
2-A4C calculation were set automatically using Stepone plus
2.3 software. (Thermo Fisher Scientific, Inc., Waltham, MA,
USA).

Animals and tumour model. For the in vivo experiments,
20 adult specific-pathogen-free C57BL/6 female mice
(2244 g) were provided by the Experimental Animal Center
of Tongji Medical College of Huazhong University of Science
and Technology. All mice were housed in the same facilities
(temperature and humidity), consumed the same diet (Lab Diet)
and water ad libitum, and were kept on an identical 12-h
light/dark cycle. All animals were randomly assigned to two
groups (n=10). The C57 mice were injected with 1x10°B16-F0O
(FO group) or B16-F1 (F1 group) tumour cells subcutaneously,
and the tumour size was monitored with callipers every other
day and sacrificed at the 28th day. Fourteen days after tumour
cells injection, FO or F1 group was injected intraperitoneally
with anti-CTLA-4 antibody or PBS three times every other
day. All surgical procedures and the handling of animals were
performed in accordance with institutional guidelines. All
procedures were approved by the Institutional Animal Care
and Use Committee at Tongii Medical College of Huazhong
University of Science and Technology (Hubei, China).

Statistical analysis. Statistical analyses were performed using
Graph Pad Prism 5.0 software (GraphPad Software, Inc., La
Jolla, CA, USA). All data were expressed as the mean + the
standard error of the mean (SEM). Statistical analysis was
performed using a two-tailed paired Student's t-test. P<0.05
was considered to indicate a statistically significant difference.

sed as the mean + standard error of the mean of five independent experiments.

Results

Melanoma cell-intrinsic CTLA-4 regulates cell apoptosis.
Following a 48-h incubation with anti-CTLA-4, cells were
harvested and annexin V/PI staining was assessed using flow
cytometry. As presented in Fig. 1, exposure to 10,000 ng/ml
anti-CLTA-4 was associated with marked apoptosis induc-
tion. Cells that were in early apoptosis were FITC-annexin
V-positive and PI-negative, and cells that were in late apop-
tosis were FITC-annexin V-positive and PI-positive. The rate
of apoptosis meant the ratio of cells in early and late apoptosis
to the total cell number. The rate of apoptosis increased by
14.68+4.11% in B16-FO cells and to 15.92+2.42% in B16-F1
cells compared with the control.

Expression of CTLA-4 in MSCs. On the basis of the data from
melanoma cells, the prevalence of CTLA-4 expression in
MSCs was examined. One previous study reported that 5-10%
of B16-FO and B16-F1 cells belonged to MSCs (22). ALDH*
cells were ALDEFLUOR positive and ALDH*CTLA-4*
cells were ALDEFLUOR positive and CTLA-4 positive. In
the present study, 9.02+1.24% of the B16-FO melanoma cells
and 9.13+0.81% of B16-F1 melanoma cells were ALDH" cells
(Fig. 2A) and 2-5% of the cells were ALDH*CTLA-4" cells
(Fig. 2B). Of the ALDH" cells, 30-45% expressed CTLA-4,
indicating that CTLA-4 was mainly expressed in MSCs in
melanoma cells.

CTLA-4 regulated the activity of ALDH in melanoma cells.
To investigate the biological activity of CTLA-4 on MSCs, the
effect of CTLA-4 suppression on the expression of ALDHIALI,
ALDHI1A3 and ALDH2 in B16-F0 and B16-F1 melanoma cells
was examined. Fig. 3A reveals that anti-CTLA-4 significantly
downregulated ALDH1A1 (P<0.01), ALDH1A3 (P<0.01) and
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Figure 2. Expression of CTLA-4 in melanoma stem cells. (A) ALDH* cells were identified in two melanoma cell lines by flow cytometry with the ALDEFLUOR
kit. (B) ALDH*CTLA-4" cells were identified in two melanoma cell lines by flow cytometry. CTLA-4, cytotoxic T lymphocyte antigen-4; ALDH, aldehyde
dehydrogenase; DEAB, diethylaminobenzaldehyde.

1-57 @ control 1.57 &3 Gontrol
5 @ anti-CTLA-4 5 B anti-CTLA-4
2% 2%
o @ — o
(TH = w €
. @ T L
o o o o
=% 0.5 = 2 0.5
o sk o
i ok s
0. 04 0.011L,
ALDH1A1 ALDH1A3  ALDH2 ALDHTA1 ALDHIA3  ALDH2
B 250k 0.009%| 250K 250K T 0.202%
, 200K 200K 1 200K -
3
S (5 150K O 150K 150K -
o
T 3
© 7 100K 100K 100K
m
50K+ 50K 4 50K -
Do e e 0 S e 0 e
0 102 10° 10* 10° 0 100 10° 10° 10° 0 100 10° 10* 10°
ALDEFLUOR ALDEFLUOR ALDEFLUOR
With DEAB Control anti—CTLA-4
1024 o— 1024 57
r 768 768
8
o 3 512 B 512
© (] 7]
m
256 256
0 0 : 0 -
100 10" 10° 10° 104  10° 10° 102 10° 10°  10° 10' 10® 10° 10
ALDEFLUOR ALDEFLUOR ALDEFLUOR
With DEAB Control anti-CTLA-4

Figure 3. CTLA-4 regulates the activity of ALDH in melanoma cells. (A) Downregulation of ALDH1AI, ALDHIA3 and ALDH2 mRNA by anti-CTLA-4
in B16-FO and B16-F1 cells was revealed using reverse transcription-quantitative polymerase chain reaction analysis, using GAPDH as the internal standard.
ALDHI1AI1, ALDH1A3 and ALDH2 mRNA expression levels were quantified and normalized to the amplified GAPDH products. Each assay was repeated
three times. “P<0.01 and ““P<0.001 vs. the control. (B) Regulation of CTLA-4 on the expression of ALDH protein in B16-FO and B16-F1 cells was detected
by flow cytometry. CTLA-4, cytotoxic T lymphocyte antigen-4; ALDH, aldehyde dehydrogenase; DEAB, diethylaminobenzaldehyde.

ALDH?2 (P<0.001) mRNA expression levels compared with and ALDH?2 (P<0.001) mRNA expression levels compared
their respective controls in B16-FO cells, and significantly  with their respective controls in B16-F1 cells. The expression
downregulated ALDH1A1 (P<0.001), ALDHIA3 (P<0.01) Ilevels of ALDH1A1, ALDHIA3 and ALDH2 mRNA were
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Figure 4. CTLA-4 inhibited sphere formation and induced the apoptosis of sphere cells. Following the culturing with anti-CTLA-4, the abilities of sphere
formation of (A) B16-FO cells and (B) B16-F1 cells were significantly reduced under an optical microscope (magnification, x40). Following the addition of
10,000 ng/ml anti-CLTA-4 antibody, the apoptosis rates of (C) B16-F0 spheres and (D) B16-F1 spheres were detected using flow cytometry. "P<0.05, “P<0.01

ok

and ""P<0.001 vs. the control. CTLA-4, cytotoxic T lymphocyte antigen-4; ALDH, aldehyde dehydrogenase.

inhibited by ~80% in B16-FO and B16-F1 melanoma cells
(Fig. 3A). These results were confirmed by flow cytometry.
Once the cells were treated with anti-CTLA-4, the expres-
sion of ALDH was decreased to 0.202% (Fig. 3B), and the
inhibition rate of ALDH expression in B16-FO and B16-F1
cells was 81.12+5.842 and 79.35+4.438%, respectively. These
results indicate that CTLA-4 is involved in the regulation of
ALDH activity and affects the biological behaviour of MSCs.

CTLA-4 affected sphere formation by melanoma cells. To
assess whether CTLA-4 expression affects the self-renewal of
MSCs, melanoma cell lines were cultured with anti-CTLA-4.
It was revealed that anti-CTLA-4 significantly reduced
the tumoursphere-forming efficiency of B16-FO and

B16-F1 melanoma cells compared with the control groups
(Fig. 4A and B). Cancer stem cells may be serially passaged
to generate secondary spheres with a cellular composition
resembling that of the primary sphere (23). The secondary
tumourspheres generated from the anti-CTLA-4 cultured
melanoma cell-derived tumourspheres were significantly
decreased, by ~2-fold in B16-FO (P<0.05) and ~1.4-fold
in B16-F1 (P<0.001) melanoma cells in number and size,
compared with the control groups (Fig. 4A and B). The effect
of anti-CTLA-4 on melanoma cancer stem-like cell apoptosis
was detected. The results revealed that anti-CTLA-4 signifi-
cantly increased the rate of apoptosis in B16-FO (P<0.001) and
B16-F1 (P<0.01) cells, and resulted in a 4-15-fold increase in
the rate of apoptosis in melanoma cancer stem-like cells (from
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Figure 5. CTLA-4 affected the tumourigenic capacity of melanoma cells. C57BL/6 mice were inoculated with (A) B16-FO cells and (B) B16-F1 cells for
7 days, separately. C57BL/6 mice were then administered with CTLA-4 inhibitor. The tumour size of the melanoma was monitored. The residual ALDH*
MSCs within the tumour were analysed by flow cytometry in a (C) B16-FO mouse model and (D) B16-F1 mouse model. “P<0.01 and ““P<0.001 vs. the control.

CTLA-4, cytotoxic T lymphocyte antigen-4; ALDH, aldehyde dehydrogenase.

28.32+0.43 to 2.19+0.83% in B16-FO cells and from 8.42+0.27
to 8.42+0.27% in B16-F1 cells; Fig. 4C and D). Therefore,
these results indicate that CTLA-4 promoted the tumoursphere
forming capacity of MSCs and inhibited their apoptosis.

CTLA-4 affected the tumourigenic capacity of melanoma cells.
To confirm the function of CTLA-4 in the self-renewal capacity
of MSCs, whether CTLA-4 affected the tumourigenic capacity
of melanoma cells in vivo was evaluated (Fig. 5SA and B).
Compared with PBS-injected mice, anti-CTLA-4 suppressed
tumour growth in two mice models, which is supported by
previous observations (24). In addition, residual ALDH* MSCs
were observed within the tumour. As presented in Fig. 5C and D,
anti-CTLA-4 significant decreased the residual ALDH* MSCs
in the two mice models compared with PBS-injected animals
(from 4.35+0.22 to 2.85+0.13% in B16-FO-injected mice models,
P<0.001; from 4.41+0.25 to 3.15+0.28% in B16-F1-injected mice
models, P<0.01). These results depict a potential mechanism
for the anti-tumour effects of anti-CTLA-4 associated with its
ability to suppress the tumourigenic capacity of MSCs.

Discussion

Extensive clinical evidence supports that CTLA-4 targeting
agents demonstrate a notable benefit in patients with advanced
melanoma due to the function of CTLA-4 in negatively regu-
lating T cell activation (8,9). In addition to T cells, CTLA-4 is
expressed on cell lines derived from a variety of human malig-
nant solid tumour types, including melanoma, neuroblastoma,
oesophageal carcinoma, lung cancer, gastric and colorectal
cancer types (13,15,17,18). CTLA-4 was revealed to serve a
function in the protection against apoptosis (18). These findings
are consistent with the results from a study by Contardi et al (18)
regarding the association between CTLA-4 expression in
tumour cells and tumour cell apoptosis. These studies indicate
the function of the CTLA-4 molecule in tumour cells and
the notable function of CTLA-4 in stem cells. Dai et al (19)
reported that CTLA-4 was over expressed in allogeneic mesen-
chymal stem cells and promoted osteogenic differentiation.
Shinoyama et al (25) revealed that CTLA-4 promoted neuronal
differentiation in the grafts of embryonic stem cell-derived



neural precursor cells. These findings confirmed that CTLA-4
regulated the differentiation of stem cells.

Studies have demonstrated that MSCs drive the initia-
tion and progression of a melanoma based on the capacity
for self-renewal, multiple differentiation, chemoresistance
and immune evasion (2,3). Thus, targeting the survival
mechanisms utilized by MSCs may be the most effective
way to cure melanoma. Previous studies have successfully
used ALDEFLUOR/ALDH as a marker to isolate MSCs
from mice (22,26). However, the mechanisms underlying the
biological effects in ALDH* MSCs remain unclear. In the
present study, it was revealed that CTLA-4 was expressed in
ALDH*MSCs, in which it regulated the activity of ALDH in
melanoma cells. These results indicated that CTLA-4 induced
melanoma progression and may contribute to its function in
regulating the stemness of MSCs.

To elucidate the function of CTLA-4 signalling path-
ways in ALDH*" MSCs further, the effect of anti-CTLA-4 on
tumourigenic capacity was examined. The results of the present
study demonstrated, to the best of our knowledge for the first
time, that anti-CTLA-4 may efficiently inhibit the capacity for
tumoursphere formation and induce apoptosis in melanoma
cancer stem-like cells in vitro. In vivo, the results demonstrated
that treatment with anti-CTLA-4 suppressed tumour growth
and significantly decreased residual ALDH* MSCs. These
results indicate that the blockage of CTLA-4 may target
ALDH* MSCs, which is a novel non-immunological mecha-
nism for the anti-tumour activity of anti-CTLA-4. Ipilimumab
(an anti-CTLA-4 monoclonal antibody) confers a long-term
survival benefit in ~20% of patients with advanced melanoma
in an unselected population (27), and identifying those patients
may prove to be valuable. One previous study revealed that
immune activation in responding patients increased the abso-
lute lymphocyte count and upregulated the T-cell activation
marker inducible T-cell co-stimulator and the tumour antigen
New York oesophageal squamous cell carcinoma 1 (28). The
tumour mutation volume and high baseline expression levels
of immune-associated genes, including C-C motif chemokine
receptor 2 (CCR2), CCR-like 2 and CCRS5, additionally aid
prediction of the activity of immune checkpoint blockade (29).
In fact, no predictive biomarkers for the selection of patients
with melanoma able to receive ipilimumab are sufficiently
robust enough for clinical use. However, previous studies have
illustrated that, in breast and oesophageal cancer, CTLA-4
expression on tumour cells was associated with a poor prog-
nosis (6,12). According to the biological characteristics of
MSCs, the expression of CTLA-4 on tumour cells, indicating
poor prognosis, may be associated with the regulation of
CTLA-4 on cancer stem cells. The present study has revealed
that the regulation of CTLA-4 on MSCs may serve as a predic-
tive biomarker for selecting patients with melanoma to receive
anti-CTLA-4 treatment.

In conclusion, the present findings illustrated that
melanoma cell-intrinsic CTLA-4 induced tumourigenesis
and inhibited apoptosis, in addition to its pro-tumourigenic
function. Identifying melanoma-CTLA-4-driven tumouri-
genesis critically improves the current understanding of
the mechanism underlying melanoma progression and may
benefit CTLA-4-targeted therapy by improving the long-term
outcomes in patients with advanced-stage melanoma.
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